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Abstract

Background: Hypothermia is a common observation in elderly males undergoing 
transurethral resection of prostate (TurP) under spinal anesthesia. Warmed irrigating solutions 
have been shown to reduce heat loss and the resultant shivering. Prewarming and intraoperative 
warming with forced air-warming system prevents perioperative hypothermia and shivering in 
many surgical procedures. The aim of this study was to test the hypothesis that intraoperative 
forced air-warming alone could prevent hypothermia and shivering in elderly patients undergoing 
TURP under spinal anesthesia when compared to warmed irrigation fluid.

Methods: one hundred and twenty elderly patients scheduled for TurP under spinal 
anesthesia were randomly assigned to one of 2 groups. group 1 received intraoperative forced-
air skin warming and group 2 received warmed irrigation fluid. Core temperature and shivering 
scores were recorded at 15-min intervals during intraoperative period. incidence and severity of 
hypothermia also recorded from admission to operating room till end of surgery.

Results: demographic and surgical data were similar between study groups. Patients on 
warmed fluid irrigation had significantly lower mean core temperature than those on forced-air 
warming at 45-, 60-minutes intraoperative as well as at the end of surgery (p<.05). 76.7% of 
patients who received warmed irrigation fluid developed shivering compared to 26.7% of patients 
assigned to forced-air warming (p<.001).73.3% of patients on warmed irrigation fluid experienced 
hypothermia (core body temperature< 36 °c) of them, 23.3% were mild, 45% were moderate 
and 5% were profound. 25% of patients on forced-air warming had hypothermia. of them, 
11.7% developed mild and 13.3% developed moderate hypothermia while none of patients were 
categorized as profound (p<.001).

Conclusion: intraoperative forced-air warming is effective in decreasing the incidence of 
intraoperative hypothermia and shivering during TURP when compared to warmed irrigation fluid.
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Introduction

Perioperative hypothermia is an accidental 
decrease in core body temperature < 36 °c during intra 
or immediately postoperative period.1 impairment 
of thermoregulatory mechanism from anesthesia, 
surgical factors and/or environmental conditions 
in the operating theatre are the main causes of 
perioperative hypothermia.2 Heat redistribution from 
the core to the periphery secondary to anesthesia 
induced vasodilation is the most important cause of 
perioperative hypothermia.3 The temperature gradient 
between the core and the peripheral compartments 
quantifies the amount of heat redistribution.4 Skin 
pre warming with forced air warming system before 
induction of anesthesia can decrease this gradient by 
increasing the heat content of the peripheral tissue.5

Perioperative hypothermia can lead to detrimental 
sequels such as blood loss, surgical wound infection, 
myocardial ischemia and delayed recovery from 
anesthesia.6 Hypothermia also induces shivering which 
is a potentially serious complication as it increases 
patient oxygen consumption nearly five folds.7 in 
low cardiac reserve patients, this elevation of oxygen 
consumption increases risk of myocardial ischemia, 
cardiac arrhythmia and myocardial infarction in the 
first postoperative day.8 Transurethral resection of 
prostate (TurP) is a very common surgical procedure 
of elderly male. Many TurP patients have chronic 
pulmonary or cardiac diseases.9 Hypothermia and 
subsequent shivering is very common during TurP 
surgery. in addition to the anesthesia role in induction 
of hypothermia, the TurP procedure entails bladder 
irrigation with large amounts of fluids that result in 
heat loss and drop of core body temperature by 1-2°c.10 
Many methods were investigated to avoid heat loss 
and to reduce the risk of unintentional hypothermia 
associated with anesthesia and surgical technique. 
Warming of irrigation fluids was proven to prevent 
drop of body temperature during TurP.11

on the other hand, pre-operative warming of 
skin surface using forced –air warming devices for 
different short periods of time were examined. It has 
been reported to decrease the temperature gradient and 
heat redistribution between the core and the periphery 
with subsequent reduction of shivering and prevention 

of hypothermia.12

We hypothesized that intraoperative skin surface 
warming using a forced- air warming device after spinal 
anesthesia might reduce perioperative hypothermia 
and shivering when compared to warm irrigation 
fluids during TURP. Thus the aim of this prospective, 
randomized study was to compare temperature changes 
in patients undergoing TurP under spinal anesthesia 
either using intraoperative forced air warming or warm 
irrigation fluids.

Methods

This randomized, controlled, clinical trial was 
approved by the research ethics committee of faculty 
of medicine, Helwan university and was registered 
in Pan African clinical Trial registry (PAcTr 
201907657139393). Written informed consent was 
obtained from all study participants. The study was 
conducted at Andalusia Smouha hospital, Alexandria 
during the period from 1 March 2019 to 31 december 
2019.

Patients scheduled to undergo TurP and who 
were between 60-80 years old, American Society of 
Anesthesiologists (ASA) physical status Ⅰ-Ⅲ were 
considered for the study. Patients with chronic major 
respiratory, cardiovascular or endocrinal diseases, 
electrolyte abnormality, preoperative anemia, fever 
(core temperature >37.5 °c), preoperative coagulopathy 
or on anticoagulant therapy were excluded from the 
study. A detailed preoperative evaluation was done 
for all patients. No premedication was given to any 
patient.

upon arrival to the operating room (or) an 
intravenous (iV) access was established, and all 
patients received ringer acetate at a dose of 10 ml/
kg. All IV fluids used during operation were kept at 
room temperature. Standard monitoring including 
electrocardiogram (ECG), pulse oximetry (SpO2) 
and noninvasive blood pressure (NiBP) were attached 
to all patients. core temperature of the patient was 
measured via mouth with the use of digital medical 
infrared thermometer (Anchen, gdt 3008, Jiangsy, 
china). operating room temperature was kept 
at 21-22 °c and relative humidity around 40%. 
randomization of patients was done using computer 
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generated methods into 2 groups: intraoperative 
forced air warming (fA) group (60 patients), and 
intraoperative warmed irrigation fluids (WF) group 
(60 patients). A person not involved in this study 
allocated the groups to the envelopes labeled with 
consecutive numbers. The research nurse opened the 
sealed envelopes in numerical order after observing 
the patient’s written consent. All patients were 
instructed to stay in the sitting position. Subarachnoid 
block using 23 g spinal needle and 12.5 mg 0.5 % 
hyperbaric bupivacaine (Heavy Marcine, Astra 
Zeneca, Egypt) was given to all patients. After that, 
patients were turned to supine position and adequate 
block level was confirmed by pinprick method. Then 
patients were turned to lithotomy position and were 
covered with one layer of surgical drapes over upper 
limbs, neck, chest, abdomen till umbilicus, thigh and 
calves. iV ringer acetate at constant rate of 6 ml/kg/h 
in both groups was started immediately after spinal 
anesthesia. Surgical intervention was the same for all 
patients using bipolar resection with well lubricated 
resectoscope (olympus, Hamburg, germany). 
The average sizes of prostate for all patients were 
comparable. The height of the irrigation fluid was 
kept around 60 cm for all cases. With the beginning 
of the surgery, the active warming group patients 
received active warming with forced air blanket 
(Bair-Hugger, uSA). The blanket was over body 
type covering neck, chest, abdomen till umbilicus, 
and thigh. The thermostat of the warmer was set at 
38 °c. The active warming period continued till the 
end of the surgery. if the patient became over warmed 
or started sweating, the temperature of the warming 
cover was reduced accordingly. Patients in this group 
received irrigation fluids at room temperature. In 
the Wf group, with the beginning of the surgery, 
patients received only warmed irrigation fluids that 
were maintained throughout the surgical procedure. 
Normal saline solution 1 liter bottle (otsuka, Egypt) 
was used as irrigation fluid. It was warmed by using 
water bath warmed incubator (El Shames company 
Ltd, Alexandria, Egypt). The irrigation fluids were 
immersed and kept at constant temperature of the 
incubator at 38 °c. The temperature of the irrigation 
fluids was measured with mercury thermometer put 
inside the water bath. The irrigation fluids were taken 
from the incubator to be used immediately to avoid 

drop of their temperature. during the study period, 
heart rate, peripheral oxygen saturation and arterial 
blood pressure were observed. When systolic blood 
pressure fell to 80% below base line value, ephedrine 
(10 mg) was given at 3 min intervals. At the end of 
surgery, all patients were transferred to post anesthesia 
care unit (PACU) and after fulfilling discharge criteria 
from PAcu, patients were transferred to their rooms.

one investigator blinded to the study estimated 
the perioperative outcomes, patient characteristics 
including age, weight, ASA status, duration of surgery, 
prostatic volume, amount of irrigation fluids, IV fluids, 
and ambient temperature in the operating room.

core temperature and shivering scores were 
recorded on arrival to the operating room (baseline), 
immediately after induction of spinal anesthesia, and 
every 15 min till the end of surgery. incidence of 
hypothermia from admission to operating room till end 
of surgery was collected. Hypothermia was defined as 
decrease of core temperature to less than 36 °c and 
severity of hypothermia were graded to mild (35.5-
35.9°c), moderate (35.0-35.4°c) and profound (34.5-
34.9°c).(13) rating of shivering was achieved by using 
Bedside Shivering Assessment Scale (0=no shivering; 
1=shivering localized to neck and thorax; 2=shivering 
involving the upper extremities with or without 
shivering in the thorax; and 3=shivering involving the 
entire body).(14) iV meperidine (25 mg) was given to 
any patient with shivering score of 2 or more.

Statistical Analysis

A minimum required total sample size of 120 
patients undergoing TurP under spinal anesthesia 
was divided to 60 patients assigned to receive 
intraoperative warmed irrigation fluids and 60 patients 
receive intraoperative forced air warming to achieve 
80% power (PASS 14 Power Analysis and Sample 
Size Software (2015). NcSS, llc. kaysville, utah, 
uSA, ncss.com/software/pass) and to detect a mean 
difference of 0.2 celsius based on the hypothesis 
that mean core temperature change from baseline is 
0.6 °c among patients with intraoperative forced air 
warming and 0.8 °c in patients undergo intraoperative 
warmed irrigation fluids with estimated group standard 
deviations of 0.3 and 0.3 respectively. calculation was 



108

patients assigned to forced-air warming and warmed 
irrigation fluid groups at different time intervals. 
There were no statistically differences between the 
two groups at baseline, after spinal anesthesia, at 15- 
and at 30-minutes intraoperatively. However, patients 
who received warmed fluid irrigation had significantly 
lower mean core temperatures at 45-, 60- minutes 
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performed at 0.05 significance level (alpha) using a 
two-sided two-sample t-test.(15,16)

The primary outcomes were core temperature 
changes during the intraoperative period, incidence 
and severity of hypothermia.

Data are expressed as mean± standard deviation, 
and numbers or percentages as appropriate. chi-
square test was performed to study significant 
association between categorical variables. Monte-
Carlo significance was used if more than 20% of total 
expected cell counts <5 at .05 level of significance. 
We used independent sample t test to detect significant 
difference in the mean quantitative variables between 
two treatment groups of patients based on normal 
distribution of variables by kolmogorov-Smirnov test 
and large sample size >30 per group. We conducted 
mixed design repeated measures ANOVA to study if 
statistically significant main effect of time, main effect 
of treatment whether forced air warming and warmed 
irrigation fluid and if interaction is present in form 
of pattern change of mean core temperature along 
different points of time between both two treatment 
groups. Adjusted post hoc-pairwise comparisons 
were employed by Bonferroni tests.(17) Statistical 
significance was considered at p<0.05 level using IBM 
SPSS statistics program version 21 and Microsoft 
Excel(18).

Results

120 patients were included in our study with no 
patients were lost follow-up, (figure 1). 60 patients 
were randomized to receive forced air warming and 60 
patients were randomized to receive warmed irrigation 
fluid.

Table 1 illustrates the baseline characteristics 
of included participants. There were no significant 
differences in mean age, weight, and prostate volume 
between the two groups. Also, the mean duration of 
surgery, mean irrigation volume, mean amount of iV 
fluids and mean ambient room temperature were not 
different between the two groups. Around one-third of 
patients were classified as ASA grade II per each arm 
of treatment.

Mean core temperatures were measured in 

Table 1 
Baseline characteristics of included participants in Forced air 

warming and warmed irrigation fluid groups.

forced Air 
Warming 
(n=60)

Warmed 
irrigation 

fluid(n=60)

p-value

Age (years) 68.93±2.79 68.73±2.27 0.667
Weight (kg) 70.32±3.42 70.0±3.12 0.597
duration of 
Surgery (min)

69.383±5.91 69.97±6.19 0.599

Prostate 
Volume (cc)

64.03±6.19 64.28±6.42 0.829

irrigation 
Volume 
(liters)

49.12±6.10 49.683±6.02 0.610

iV fluids (ml) 623.33±186.50 628.33±209.18 0.890
Ambient 
room Temp 
(c)

21.87±.34 21.78±.41 0.233

ASA 0.699

i 39(65.0%) 41(68.3%)
ii 21(35.0%) 19(31.7%)

Table 2 
Comparison of mean core Temperature between patients 

assigned to Forced air warming and warmed irrigation fluid 
groups at different time points.

Forced air 
warming 

(n=60)

Warmed 
irrigation 

fluid(n=60)

p-value

c
or

e 
Te

m
pe

ra
tu

re

Baseline 36.77±0.13 36.77±0.14 0.839
After spinal 
Anesthesia

36.70±0.13 36.68±0.15 0.363

At 15-minutes 36.52±0.22 36.47±0.18 0.193
At 30-minutes 36.35±0.22 36.21±0.25 0.001
At 45-minutes 36.21±0.25 35.98±0.30 <0.001
At 60-minutes 36.07±0.29 35.75±0.36 <0.001
At end of 
surgery

36±0.34 35.53±0.40 <0.001



M.E.J. ANESTH 28 (2), 2021

109forcEd Air WArMiNg VS. WArMEd irrigATioN fluid for PrEVENTioN of HyPoTHErMiA

Fig. (2b): 
Change of mean core temperature 
for warmed irrigation fluid group.

Fig. (2a): 
Change of mean core temperature 

for Forced air warming group.
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intraoperatively as well as at the end of surgery 
compared to patients in the forced air warming group 
(Table 2). Also, mean core temperature significantly 
declined relative to baseline per each group (figures 
2a-b).

The incidence and severity of shivering were 
significantly lower in patients who received forced air 
warming compared to patients who received warmed 
irrigation fluid (Table 3). Similarly the incidence and 
severity of hypothermia were significantly lower in 
patients who received forced air warming compared 
for patients who received warmed irrigation fluid 
(Table 3).

Discussion

Our trial confirmed the effectiveness of 
intraoperative skin surface warming using forced-
air warming device in preventing perioperative 
hypothermia and shivering when compared to warm 
irrigation fluids. We observed fall of core temperature 

in both groups toward the end of surgery, however 
these changes were significantly less in forced air 
group when compared to warm irrigation group. The 
mean core temperature in the warming group around 
the end of surgery was 36 °c, which was 0.47°c higher 
than the mean core temperature in the other group; 
moreover, incidence of hypothermia was only 25% of 
patients in the warming group compared with 73.3% in 
the other group. The incidence and severity of shivering 
in the intraoperative period were significantly lower in 
the active warming group when compared to the other 
group.

TurP entails using large amounts of irrigating 
fluids in order to open the mucosal spaces and to get 
rid of prostatic tissue slices and blood clots from the 
operating filed. Cold irrigation fluids are an important 
cause of heat loss and core body temperature drop by 
1-2°c.(19) Absorption of large amounts of irrigation 
fluids were also previously mentioned as a cause of the 
resultant hypothermia.(20) Moreover, spinal anesthesia, 
the recommended technique of TurP surgeries also 
cause deterioration of the thermoregulatory function of 
the autonomic nervous system in addition to peripheral 
vasodilation in the blocked dermatomes that result in 
heat redistribution from core to peripheral compartment 
with subsequent hypothermia.(21)

Warming of skin surface using forced air 
transfers real amounts of heat to the whole body.(22) 
if body heat content increases, temperature gradient 
between peripheral and core compartment decreases 
i.e. the quantum of this heat redistribution depends 
mainly on the temperature gradient between the core 
and the peripheral compartment. This decrease will 
prevent hypothermia irrespective to its cause(22) in the 
same way, the optimal temperature of irrigation fluid 
to use during TurP has been a source of debate in 
many clinical trials.(23-25) following intense calculation 
of patients’ basal metabolic heat production and heat 
energy achieved from warm irrigation fluids(heat 
balance calculations), Allen reported that other factors 
must have more strong effects on body temperature 
than irrigation fluid temperature during intraoperative 
period in TurP surgeries.(23) Hahn also in his study 
of hypothermia following TURP confirmed the same 
belief. HE found that increase volumes of irrigation 
fluids were associated with significant drop of core 

Table 3 
Comparison of incidence and severity of shivering and 
hypothermia between Forced air warming and warmed 

irrigation fluid groups. 
Forced air 
warming 

(n=60)

Warmed 
irrigation fluid 

(n=60)

p-value

incidence of 
Shivering
Shivering 16 (26.7%) 46 (76.7%) <0.001
No Shivering 44 (73.3%) 14 (23.3%) <0.001
Severity of 
shivering
1 9 (15.0%) 26 (43.3%) <0.001
2 7 (11.7%) 20 (33.3%) <0.001
incidence of 
hypothermia
Hypothermia 15 (25%) 44 (73.3%) <0.001
No hypothermia 45 (75.0%) 16 (26.7%) <0.001
Severity of 
hypothermia
Mild 7 (11.7%) 14 (23.3%) <0.001
Moderate 8 (13.3%) 27 (45.0%) <0.001
Profound 0 3 (5.0%) <0.001
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body temperature when compared with lesser amounts 
of irrigation fluids.(26) This finding confirms the idea 
that the principal mechanism of heat loss during TurP 
may be more related to irrigation fluid absorption 
than to its temperature. Hahn later on reported that 
limiting surgical duration to 60 minutes may prevent 
hypothermia due to lesser fluid absorption irrespective 
to its temperature.in our trial,(27) we believe that using 
intraoperative active forced air warming may have 
a greater impact on preventing drop of core body 
temperature secondary to use irrigation fluid at room 
temperature and more effective than using warm 
irrigation fluid alone. The mechanism of perfection of 
the surface warming machines relies mainly on heat 
transfer per unit area. Even defective wormers may 
do well when available surface area for warming is 
enough.(28)

in our study we used over body warm blanket that 
cover the whole upper body till umbilicus in addition to 
the thighs, so the body surface area exposed to forced 
air warming was relatively high and this could explain 
the positive effect of forced air warming. on the other 
hand we believe that failure of pre warmed irrigation 
fluid to prevent perioperative hypothermia was related 
to their flushing into the urinary bladder as a part of 
the procedure with subsequent drop of its temperature 
and so using of large amounts of irrigation fluids in the 
current trial (>40 liters) was the leading cause of the 
progressive cooling in the second group.(29)

Jaffe et al closely agree to our results, they observed 
that warmed irrigation fluid was not enough to avoid 
core body temperature drop in patients undergoing 
TurP.(30) They suggested that other variables could 
be responsible for perioperative hypothermia such 
as the duration of stay in the operating room and 
its ambient temperature, amount of irrigation fluid 
absorbed and resection time. They recommended that 
limiting resection times, proper nursing care, and strict 
use of warming blanket intra and postoperatively are 
essential to help the patients in preserving their core 
body temperatures. The results of the current study 
contrast with those of Butwick et al.(31) They concluded 
that intraoperative forced air warming did not prevent 
intraoperative hypothermia and shivering in women 
undergoing caesarean delivery under spinal anesthesia, 
however in their study forced air warming was applied 

to lower limbs just distal to the inguinal fold while the 
remaining part were not warmed. Moreover, sensory 
block >T4 dermatome was achieved for all case which 
resulted in more extended vasodilation secondary 
to sympathetic block when compared to only T10 
dermatome height block in our trial.

Tyvold also contrasts our results. He reported 
that forced air warming reduced heat loss to a certain 
extent when compared to self-warming blanket, but it 
was insufficient to prevent perioperative hypothermia. 
However, the blanket used in his trial was under body 
type.(32) Posterior surface warming is also limited by 
the restricted perfusion in dependent capillaries and 
subsequent reduced ability to distribute heat to the rest 
of the body. Moreover, the exposed skin surface in 
his trial was relatively high as in many cases surgical 
procedure was involving the whole abdomen and 
lower extremities and the blanket was then applied to 
upper thorax and upper extremities only.

in our trial, the incidence and severity of 
shivering in the intraoperative period could be related 
to the fact that patients in the first group did not reach 
the shivering threshold which is 35.5±0.5°C like the 
other group.(33)

in agreement to the results of the present study, 
Agamia et al, reported that intraoperative forced air-
warming blanket is an effective way in decreasing 
the shivering incidence by preserving core body 
temperature during caesarean section under spinal 
anesthesia.(34) Sessler, showed that warming of the 
patient through forced air systems was very successful 
in preventing postoperative shivering.(35) in contrast to 
the results of the present study, cobb et al found that 
active warming is ineffective to prevent hypothermia 
and shivering during cesarean delivery,(36) this is maybe 
because using the blanket in their study was to cover 
only the lower extremities.

This study had some limitations: (1) we used oral 
infrared thermometer to measure temperature changes. 
core temperature is the only single best indicator of 
body temperature. despite the oral route is known to 
be a (near-core) site for monitoring of temperature,(37) 
it was suitable for measurement when compared to 
other routes of measurement like esophageal probe 
which would be difficult to use as all patients were 
under spinal anesthesia. infrared systems can provide 
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accurate measurements of surface temperatures and 
reduces measurement error.(38) Moreover, we assumed 
that any measurement bias was equally distributive 
between the two groups. (2) we tried to maintain 
patients’ and investigators’ blinding during the study 
period, however this could not be easily done as the 
forced air warmer device produced relatively noisy 
sounds when switched during surgery (3). We did not 
take any further protective steps towards any patient 
developed hypothermia during study period for fear of 

limitation of final core temperature values in our study.

To conclude, the results of our study revealed 
that using intraoperative forced air warming was more 
effective for preventing hypothermia and shivering in 
elderly patients undergo TurP under spinal anesthesia 
when compared to warmed irrigation fluid.

Financial disclosures: None.
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